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Soil nitrogen transformations under Poputits treinuloides^ 
Betula papyrifera and Acer saccharutn following 3 years 
exposure to elevated CO2 and 03 

W]LLIAME l[OLH£^-. DONALDk Zj^K'. KURTS PHEGITZEEtind]0]JN^i KlJJC-i 
Era^?^l^anl7]ltlTJ Sc\crrcc, Msckrjfar? l^chnatuj^icai Cirrnwruri^, J-TaufJjCLir^r Mi 499 ft^ U^^ 

AbNlT^ct 

Iiicrt2n«n [n :LtniEi:^ph«rLC CIU^ and In^u^ph^ric Uj mjy jftcct hhrcHi N cvcltnc by dllcrinu 
p]2iiE Icttrr pr^ JciiLjn jfl] Etit ^y^LclzibLLiEv d^ HubHlTzitta inw imcnhbLsl nscldbnli^ni Thnc 
yt^^r:^ ^Llfiwin;^ the rHldt>Li'^hin«nE rht riuT Iret-air C_0^-U^ «iiTLchin«nE t:<p4jrEinciit, p]jiit 
^fLhwth h^ia been i^Eiinj l^led by cJev^lcd LU^ rcHuliins in srtrattr NubiEErate input tu anzl^ 
eJeuEed Oj hd!^ cHhUTiLcrzLctrd thi^ «ft«c1. TSc hypEslhrjEi^Ml ihdi rjirH ni anz} S cycitnK 
w^uJd be enhanced bv ^rc^Eer plani p rftducl LviEy jndtr t]ev2ird C-On^ zind th^t ^^^2 
etEect^ w^iuJd bt d^niptned by O^ Vi'a (aund Eh^t e]ev2icd CU^ did udE alter uruHii N 
trsiiiE^rTTiatiDn rat« E]cijEcd O^ :Ei;:^]Af3iiilv rcducrd j^riDNH N [n]ntrj]izdE]rihn and 
mEcTL^btziL bi[?[ndHn N, jnd «^E4JC1^ ivcrt c4>n^[NE«iit amnnu Hptcit:^ Wr j]i4h Hhb^trvcd 
^L}^ii[hf zin t ]nl4JTarti<ini bttw4J?ii i-U^ jnd U^ (i^ uri^Hi N miiitrjIiiczLttDn wjh srtati^r 
jndtr c]«v2l?d CU^ (l.Din;^ N k}^ d^y ~ } th^n in ih« prr:Etrnrt \^i bnih CUi and O3 
^Q.^mjE^K ki; d^y h zind Jich ridm^ NliV EnunnbELizatEun vna^ Alan js^rczLtcr undt^ 
cJrvai^d L'Uz ^Cigmi^Nki^ ' dA> ^) th^n und«T CCb pluM Ui (f>.d m^ N k^ 'day ^ Wc 
jn«d a Idbi^r^lnhcy ^ tracer nirtluid to quanth^ trjiu^T hhE inuTUjnEc N i4> rir^nic pjnls. 
E]«iaE«d CU^ l«d tn urt^lcT rrcDV4jrv \^( NH^ - N zn micrnbi^] bi^hma^N and 
CL^rr^NpandLii^ ]4hhV4JT rtciJi^r} in lh« «Atr2ctab]« NCl^ pDLhI LJrvjird CQ^ rc:EulE«d in t 
aubntanii^] incrcjNtr in KOi - N r^cnvciy in uml nwa^nlc matttr. Wt jb:Errv«d no O3 
main «fE«ct 2nd nnh Lf?^ b^ Qi inicractEnn r^ect nn N ncovtrrv in my HEhiL poijl. \LI Ehf 
th« zibHhyt r^NpnnH^N i^tn mnhi^E pn>n4hunc«d btnczith HcSwla v^rptfriferfi jnd l^i^puNr^ 
trrnrr^J^j rjf L'^r ivhich have ;:^ivn mtn-r rjpEdly ihzin Acer mc^hamjit. ALlh^piish fjfvdicd 
CU^ ha^ incTu^ncd p]anE pTi^ductivLtir tht r«^u]4in^ incTc^nc in ptani LiiJ«r prnhduciinn iv^a 
yet Ed Ljyrrci7in« th« inJ^urncc ni rii« prE-^xintini; pn<tl d} "KhiL Ehrp^nic ni^tEtr un MhhL 
mccTubiziE activity 2nd ratc:^ lj^ N cycLinK tl^unc rrdjc«^ plani LilEcr tnputa zind a]s<i 
2ppt2Ti tD ZL^ECt the ci>mp[?N]4i47n itl pLzint ]ittrr in a vf^y th^i rtduccH microbLa] binma^:^ 
2nd aciivLtv. 

fU\f!A.'osd£- Accr^ fierii^^ CO^^ ErriiTiftbLJIz2tl[Mij muii^atizjlutfir N^ N cyclmf^ D], PopuJta 

RccatKd J Dff^TTrEv^ 200], rcuroif ivnii^j rccesjyed 37 Jiruaanf 2dOJ cird f^iif^itcd Id Jpfi^rdj 20{\i 



InETDducEiEin 

11ie nwu'«nb-ati<>ikN iif cjrb:>n di^hxid^^ ^CO^ aiuJ [hznntr 
[Ct] tn thtr hjTlh^s trLin7.\p}i4.T« 2rt" trxHclE^ tn iiu.rt^'M; 
4JV4^r ili£ ntrxi <.mtnTy dti« Uj {z\^,*^i[ hui^ bumLnjf 2thJ tbir 
unni bininn 47F EnreNtN tn [rtli«r Lind nst^ Lt^t-Jins rV itJ ^ 
1W5. nnlayM^hn-l'ilEM i Htts. I'^'JJ, txmlw ^ jjf. l^Wrt, 



CH^rfiHfH^HJAU/4 Wilh^A E Hi^lmvf^ id. -M 734 U7 5^^ 
Fix + ] 7^?1h2IM5 y-in.iJ blml^Li^Liin k^^du 



CO3 2nd O^ nn <M.iiNyNtnn carbnn ^Cj and nLtrcK^n CN? 
cyctiiiK ^r£ diAinjIl tn pft^Jict, btcau^^ ^O^ 2nd O3 
2riV<M.t pLant uniwih in ^hppi'EiiiK iv^vh. XViidtr gr^&t^ 
CO2 itimuJat4.'^ ph^ht^if^yntbit^'^ii 2iid the unnvth i\i tw\Jmiy 
ttmpti^te Ere*; specii^ (CurtiMp IWft^ CutIls £[ Want. 
1 "^WlJr Knuiirr Ot unnld d<;cr«^'4^ phcriiKiynthL'^as and tbi^' 
Kirnvth ni ^Kvrwui sper\ii\ ('A'anu ^ ^f., I^IW; t ^^leman 
^ itJ. 1?iSa. Kjjn^KOLy ^ ilJ . I'^'^Mj by ]ndtu.Ln|j tiAiaw 
dama^ 211J 2cc^L«r2i]ns If'aF SL"n4.'Mb^Lt CK2rnLt^kv^ 
197Ei, Kamu^k^ ft itt., l^h) J urtlKT Lnmplicatin|^ tbi^ 
uUttcr 1^ tfit F2rt tfi^t tnx wecil"^ dif^br in tbitfir 



J^ 3DD3 BIk^lvaF FtaUi^Tinh^ Ltd 



im 



17J^ W t HOLMESrirfJ- 



n^p7nNL\ nuMN tn CtJ^ anil in iht^ir su.'MJwtiLalrty tni Ot 
dimuB^ I huN, ^[wt^l net pnmary pHTLiducriv ity ma^K bt 
fetdttilnjiJ by LJiLn^uiiiK -nlin^if^pbit^nc COi ([^Luna tl 
rlJ r I^*^!^ but [t i£ unirrlain h^hw ^ ^'nnni innitaT^t inoiraNL^ 
in tnniHT^Iujnr tJi ivilJ alter plani pn>dtu.tiviiy^ Litter 
pr^KJuctiihn ^tmJ^ in tum^ tfCTK^y^tt^m C ^nJ h LvrJcnjf. 

hdtn oE hchL N cycJin^ may btr altf^rcd by th^ 
inAu^EliK ^F tltfv^inJ CtJ^ and Ch L>ffi plant ELilEf 
pr^KJuctichn, ivlucti fiwitntiN Hubvtratt" ^vailabihtv Ujr 
hetnutr^hplur iruLTnbu] mL't^bthlL'^rTi I btrre i"^ unniider- 
able unnrtaLnty rt^rdin^ hchiy rh^ni^ m mu-i^Jiaal 
activiiv under t^ltrv^ted Ct^n will inElubTict nliiI N 
ETyclin^ Ujk ^1 r;f . Zi:^ILLn>. nnd we ^m little l^^ tlitr 
relatiLin.'^liip belryefn plant n^wnnsb: In eU^vatnl tJ^^nd 
aznl micmbml arhvity llNLjin f^ itJ ^ 2L1IKU y^ bavtr been 
Htudyin^ ibf' mfluen^'e <hf tltv^lnJ CtJ^ anJ O^ nnn the 
Emvvlh 4jt eLLit47KK^]ly ^'H^ntr^shnu temperate tree 
Mperii^ at tbe J^m^l-AtmLJ^phere Cnrb*nn St^^raK*; and 
Transfer (>ACTS-IIJ h-ACb excienment near Khinelan- 
der^ V^ir \J^A Our resuIlN tn dale Mjuue-^t tknt ^bnnucw 
in plani ptiilIu^+ilhi resulting ^nm nnnr treatmenls ba^e 
attered the input and metahhJiNm i\{ plant Jitter by nulI 
miLTubia^ r^nmnunilit^ hlevateil CO; baN mcreaseJ the 
pr^KluftiLwi Hit le^F and bne wk^M litter LKin^ ti itJ ^ 2I1D1; 
Lind nrih ft i?J., Zl!^l]^ ^biLh bas re^ullt^ in ^r^'ater ratcw 
[»^ TnicmbiaJ r»;piratiLm nnd uicn^a't^d a^iivilieN t\i 
ci^traeellular enzymtzN anv<hlvL"d 'rvith l}ie det^radatinn 
zA plant iind hini^l LeJl hvaSl 4.nmp<ments li^ eell^Jiiin- 
hv^nilase jnd Jv-aretylKluLiiNnTni Jase, Larsnn ^ ii^ ^ 
21:^12. ]'billipr> ^ (A, Zi:^l2) [he maKnilude nf t}ni 
n^pinxe yarced between 4^a liy-Nuei-t^HHinal li^. i^Oyjiiwi 
^iTiTidiKjf^ and jfti^jlu jMwnfert^) and late-NucfesiLHinal 
(iU*^ ^L^'JulJTjm) tree Np^^ie^, but the pnrtenLe i\{ 
elevated O^ ^'bminatL^l ihi: inEluenre niF elevateJ CO^ 
An mieRhtnal activity A un^att^r metabthlH. rapHabihly t^ 
[Inrade ci^ant and Fungal lilEer tinileT elevaltxl LO^ 
fHte9li that mL^ntbiaJ enimmunLties bave a L^reater 
UMynthelir df'manil Ujr h, ivbiLb r^njld pntmtiallv 
dcuTcaNe N availabiblr t<h pJantN and inLTea^e the 
m^hvf'ment i\t N intni ■<47i3 nr^aiuc mailer. H^hiievt^Tp thi"^ 
may be cnuntera^led by eJevaled tX, 

Chir pfimaTy [>b^tLve lyaf t<h determine Iwiw 
elevated CO^ and O^ alter the cycling nE N am^ioiu nueI 
:4[h]utinn^ micTHibiat r^hmmunilit^ and icnl nrKamr 
matter. We mej-ojied ki^mw lS tran^^HmatK^n rati^ 
and traLL'd n^nr^nir rJ transtt^ intu mu-i^diaal 
binmaiLN and LhruanK matter in "unl beneath NLnnd"^ cW 
P ErdmjriurJLi^^ ti rrlpLfjrlL'rit^ and A ^^^I'^'JuriLin ur^hwing 
nnder free-air Ct^ and CK ennchment trealm^-nlM 
IferaujM; the CTn>vth re'^pKmMe ^F ttie'te leinwrate IreL^ 
vari£±v under eleiated atm^K^pbf'ni^ CDi anJ O^, we 
rearmed that the rhan;^N in miLTnbui] aL+ivaty and snil 
N cyclmu WHiuld Ix uniemed by the nr^pnnse niF the 
dnminanl ve^JatKhn tn nuT expmm^nta] treatmentn. 



MctbHhdi 

IVe xhidi^ KCnl ^^N tran^^rmatL^ia^N at the f^ACIVJJ 
fACEi eypwiment H^ 411 5'N. W 37j't -iyLim eJevi- 
linn; k^mj^ky rf .tJ., ]W^. Du-kwin t.' JJ^ 2l:lDI^^ ftie Mte 
nnnsi^M nt 12-30m diamL'ler pkrtH planled in ly^? wilb 
IronbJins^ d^pen (P ^rfrriui^^ci^ MicIik-^ pawr bircb 
^B pdp\pifiln\ Marth )r anJ mul^t mapJe {A. M\ci.tntrurr\ 
Nlan^h J One-half niF each phri n planted wcth ^ve 
JNCKn jfenutype^; that ddFer m O^ sensitivity and leaf 
pbenuluj^y (C^hJeman tl .tJ . l^'^.'ia. b. Lurti^ ^ uJ . lUli^U 
Chit^^arter ut each pkhi k planted with a^rwn and 
Hivar maple, and tbe n^maLninB quarter is planted 
ivEth jspen and pnper birch AlJ Nei-tMOH were planted 
at a denNsty ut D i^Sstems m ~ ^ pr^hviJine a tutaJ <hf 
EiTG Ntem^ per 3Um diameter pint Our Ntudy -wun 
r^mhned tni the c'entral ptnit j\jea ^nih jc^' Alhc 
Hap^irUuHJ'^ h^ith a 'unJv Lidm Ap Iwiniuin nivertavmA 
a nanJy cl^V kiam Kt hnn^nn ^iilI phyNu.aJ and 
rifeemical pntpef tieN have been "tummanzed by UiLLrNChn 

^actnnat COj an J Cy^ Ireatments vvere arranued m a 
randEimi^L^l ccnnpk'te b^nct de^iun with three repU- 
cateii lbLhcL\1 Tbe spht-pJiri eEtert cnnssNted z\4 the three 
NectiLhns dil^nni^ in Npecitn enimp^K^itHin ^aipen^ rL'^pen— 
birrhp and n.'^pen— maplel within each ptnit i'^umiKatiiin 
ua:EL~^ are JeJivereJ tni Z2 verti^sL vent pipt^ spared 
unitiirmlv aniund the pmmeler ihf earh H\ m diameter 
pkht Tbe ^Tmtnhl ^y^tem maintaini taruet CtJ^ anJ O^ 
rLmLmtrjti^ioiN by reuulalinu the releaiw niF ^umiKatiim 
uaNCH inan tbe ucMvind vent pipKi^ h^miuabiwi ncLim 
dunnjf the daylii^bl hnnin; hir the duKitiihn niF the 
gRi>vinL^ jEeaAin Jn }^?^, atmuNphmc CO^ cnncenErd- 
linni Liere ^h 5LL ~ in the ambient CdX. phits and 
^47JI L L \n the eJevaled COs pJiriH Atmosphent O^ 
n^nLentratums nrere Vi y and .^l7nLL" in tbe 
ambient and £t4^vatHi pl^rt^ reNciectively (Dictsiin 
ft ill . 2IKEI1 

Jn July I^"^. we CHillected nik h^iJ air^ (2 5 i^m 0) t<h a 
depth 4iF h^cm fiTHn tsM-b ^prfit pli>l. ^mpl^N wert± 
cihmbined by ■<p>]it phit, ■^tnired nn ice, and went 
pruce^Ned vvnlliin 24 h niF Liillertuhn A J] rexuStN are 
ei^pre'MeJ nn an £>ven-clry (14^ O Tita'M basuE 



IVe delermined ^ntsi ralt:^ niF N minerali^atKhn And 
nitrihcatKni lUavidNun i-l ilJ . 1^2. Hart .>r .» I . 19=M) And 
traced innirxanir N ^nim nhiiJ snlulHin intii mu.'Rhbial 
binm^'t'4 and Mill ^hr^jnir matter ShiiIn were chrepared by 
rem^hvinK tu^e riKttN and Lnar^L' vv^kkIv Jcbns bv hand 
aild pa.'eanv llie Temaininv materia] rtimuub a 2mm 



r 2IHH BbekW4lL ru^L^kidj Liil, CL/d^ Chafr^ B^lo^y, ^, I7-IJ-I7±I> 



t^ IKAWS^OliMATLaNS UD^DtK hLbVATKU CO2 AND O^ 17il5 



hiLimLhstrnLurd. hr^hm fM.bi "t^^iL uTnpkr pfLMNtrJv ]2 l!^l k 

fZymjii £? >; *f<Tiirit H) Tw^n mlhI samplE* ivm? ifnnrfitd 
with prv^^Jy TJKI mL ( ± U IJ] tf L h '"'N-NHjCL MLjhjtnn, 
bivch vmm «nTicht=d v^ith tffe£ juttu; v^nlumtr lh^ N-KNO3 
j^ihltih^io), and tJK mruinins ■&flinpL4J rtyfivwi I [KhmL 
dt^i^ioii^L'J ivst^r flu; N N47liJtL47iiN v^•^iw^^ pnpun^ 

Np lyhicbi priHlLJ^f^LJ NLmJar t^rsrt cihH4:«ffitrjtiLm:M <hf N 
{2-5f^N|^" ' MJiJ? njid '^ U-lat-^exn^ '"'N J in tKrtli 
■^WJ-L," - jnd^NO^ -labrfeLiMinl Isntups Lib^l ^Jutujjw 
ware adJnJ by pipettinu t^v£jn3y i7\er the hiilI surdact. 
1li^ vnLuinf; 4jF tht sctlutiLin -wils jd«uu^te tn? Ji^rwru^ 
tht Li\xi\ try4.'ffdv tbiTuuvhnut tr^E^ IZu 'uinpLer ax 
indicatcJ by uni^cirm w^ttinu 47F tlitr mtinr ncnL vnilumtr^ 
.nnJ tn? bnnu tliL' siid snTnplt^ tn? At^d capa[^t> Witliin 
1 h jFt«r L^47t4>pt7 jiiIditiLin^ ijne vi tUe paw zA T^H/ - 
«fiTM.hnJ "uinplf^N jnd ane Lit ihe p^iT Lit Th'O^ - 
«fiTM.hnJ 'csinptt^N v^eTe ^^xtracti^ witti Zm KCL nnd 
N9inpL<;N ^r7HMiJt=d ^^ath iltfiLiniicfLl v/isEt^ lyL-rt atstj 
^ixtrscied rht7 n^mjiTiiTiK I^H^' - an J NCy^ -mnch«d 
^uinpLt^N wtrre Lnmb.Lt^d at lAf C tinr 2 d.nvv aFttrr wlurh 
WE t^ytractHd in^hTTanLf N with 2 ^1 KCJ 

We JltvimmJ 2 sb^ut^ntuJ L'Ktrn^tiLhn pniLL^ltirv Uj 
isLhlzii^' trjLET N ivrdhui 4^aih nlilI N pLictt In th^ tii^t 
ftEDj m^hTuanH. N LNhlV and h^^ ) and diNsnnlvcd 
HTTSibniL nctnrarn LIJON) WEnr HEp^aratL^I Fi^ftti msLnnbiaL 
N nnd slhI [^tuj^hk lS Tw^^ntv mallablErN Lit 2 u KC] Vk^i.'i 
iidd^d tn E.n^ii lampJ^ Ln ^is ^MTKiruJ vmL fhf' vi^k wt^n* 
ijpptfd^ pLi^t^d i>n a shakL"r Fnr 2Dm9nr anLl a^ntriEu^^ 
Ujr ISman at ^H^Tpnu tf^L" lucifnutanE ivn^^ JL^.nntcd 
intn? a 6{)TnL ci^a'^liL N-Knnvc ciiuippL'd ^Lth n I!l^5 m 
hlt«r attaciinKnt 1 he f'^tr^rtinnn iva^^ TbriEalL^J ivLth a 
j^^LnnJ 2iJ DmL aJLuu^ht nt 2 m KC] l^rtiruLalt Lwi^niiL^ 
nuttrr anLl '^UNp^'ndL^l leILl nere n-tn^nriMJ hrnn tbr 
j^ihJutKiou by F^MXinu tb^m thmu^^ tiw D ^ m Falter I btr 
hlt«T fnian tach svrLn^tr w^"^ plaLL'd b^k mt^h Ih^' viaL 
unntiLiniiiL^ tht Lihrr^NpihTMJiii^ icnL biJtr.nlL'^ i^ltv lELtred 
III 13^mL ^pHN-iTTien i-am j\i 4 C pncw tu I't^ht^hpLC 
.naulysL^ 

A st^y>Tld t^trac-hnn \Uip wjm perfLjrmed Ich ^teparit 
mio-Libul N and nlhL LwuaiiLi. h VlbIn unnlaimiiK "unb 
.naiJ FaLt4.T'< vn'm ^niLL^trd watb CHiLl Ujr 5 da^^ m a 
v^ojuin d«iLccat<hT iftfMdu^l LEi^CJ Lvn.^ remnvKl by 
nrptr^lL^J vjruuTTiiaiK (nuht tiiru^N^ and 24kU mL 47F H S^ 
K^J^ ivax adJtrJ t<h traLb VLdl Vi^L vmr^i cacma^^ 
pjo^if'd nn ^ ■^ak«r tiK l^hmLn, and 4:«TitriFut^d izK 
l^man at h^lHrpiTi I bf NupiznulanI vh\xs dfcanlrd intna a 
13^mJ. spLJCiniL'n cup ~] fii^ 4^h:trac1inn waN rept;at«d 
witb an aJdibcwial 2iJI]iilL aliLjwnt i^i |1^^ K^SCg and 
thtr trxEr^^iH vmf FrcK^m unEiL iht^v ^^trre dLL^'ttt^ tna 
dtrtcmiLJ^t^ niL< mbiaJ N I bb' milI umpl^N rnn^LnanL; in 



tbtr \\J\iii vfewe drt^ tn a cihnstant vniubi dl M]"C bi a 

hnrn^J-jir (hV4.^ T fie JrLi^d ■mhiIn ivwt irnns&frrtd tna 
L^nnJLnc ^r'i juJ pnlibniuMJ ivitb itaiTil^NN ■<t«cJ pinN 
\^tJYcm Dy\3ficjwiL}in a nJtr milJ ifAitdei 7foKMV. 
L'^'^tnnnn^aK. [^axt P^lntinff. OH. USA], and Mured titr 
^lulysLN 47F ^nrvjnai^ h" 

AmmLinitim-N and NO^'-N c^hiH-mtratcLhTiN m KCI 
^xtr^LEi wf^re mt^a'^ured ivLth a bUvw ^hlutK^n .^l!(ID 
fH^ntinuuni (Ujw analyK^sr |tJL AnaLytiLaL, C^hlleuf 
i^tLHnn, T>L, LSA^ Amm^miiim-N anJ NO^ -N were 
^^Liu4MihalJv dLtFusnJ brim tb<' KC3 trxtr^rH [mtn? Jicid 
trjp^ in prepaT.ntinn F^^r ^ ^iuIvhLs u'unu tfie m^thLut 
47F ^r^Khkx L-t itJ CIVKi» tlicaE^id iraps wt^re anaL^ ^itd litw 
jilLhm^ N [HI a PanncK^n L^^Lta V\^L'i a^ntnp^' a-atiLh ina:^N 
^tMhriantrtcr mitb a CnnJln? II ant^rfactr i [h^rnw 
E'liiniiiaTi, laan Jcnse. CA, USAJ 

MiLnnbiaL N ivLtbLn tbtr t^^^^ t-yira^t^ Vk^a dt^tct^ 
miTmi hv alkalant^ p<;r>ijLF^It" daL^"£tLihn (Cabrera Jz 
Ele^rtr. 19^^^ l53aTikN aaiJ Lrly4.iTK ■^t^ndards wf^re 
diutnttM^ NLmuJiantynjNLy ^Ltb ■^nmpk'^ Nairai^-N am.- 
iXfihutKvns Ln tiie JLL^Ntat*^ lyt^rt riKaxurKl ivLth a 
fHantinunnns I^liw .iTialyztr Nitr.nEt7-N in tbL^ di;^<±yt«d 
vhlutiLMb v^JMi ^^ptun^I nniih and trap'< duniiK -l S-Jay 
ditEtL'^iLin wilh Mk^^ and Utrvarda^N alJchv ]~iitracid trapx 
wrre jnaly^t^ Uzr at<pin^ N by uc4£»pe catEH? itia^ 
\ppL tminL'try 

^»L ^hT^nnLt N i-nnLt^nEratinn wa^^ mtuHunrd u»ng a 
CE liutnimbntN PJCZtIKI «L4Jintrntal .inaly^trr 4Ch blan- 
terh. IjkevfiKKlp N]. USA}. Alcwn^ N in shjiI ^HT^anw. 
N ^^H\ dL't«ai7iLnt^J bv iNntnK ratan maxx j^Ktnwntrtn^ 
y^e last^J tbtr nr^fultiTiu N ^'nanct^ntualMnn .hnd aiiwnS- l^ 
djta t^h calctilattr tlw rLT^hirery 47F ~ N labri >v~itiiin 
innnruanaL h, maLnabiaL N. .naid slhI ^hT^ank N ptKtiN 
FnnlJn'^iTiK tlw Z dav Lnnjbaiinn bivr t^.L^b pLKhS, w<: 
ijIrulatt^J atnm^ n t^iut^NN (Al^t) u'^iaii^ atnim^ N uE 
tht^ samtr iHM7\ in tbf; ^ at4^T-HTTi«ndL^l LnntmL an bi^k- 
KiTHind We caloaLited tb<' rnl^s <>F ^r^ifw N mint^raL- 
izaliLHi .naid iiiiTLtiLatL4Jih and ratL"^ i^ vnK\*^ [^ 
imTTiHnbiJLaiatLHnn UNn^u Ihc isiitnu pnnL dilutiLwi Kiua- 
tiuffi^naF Hart^ .tJ. O^J^l- 



IpVtr m^iunrd TTiLcr^hLnal bEnnnu'w u'unv tbtr E^Uhnifncin 
hjitiasatKhn-f'K traLtLH^n pfULt^ltirt? (hinrwatb £[ l^atil. 
l^iMJ SulI s^mpnlt^ vrere Fuinisatt^J witb chUhniEnrm 
Uzr ^ dayN m a laLuiam Jtf'fucatnr i^miuatcd and 
unntnni snLk >v~«re txtr.nrtuJ ivLdi 4^5^ Kz^Oj [in a ralna 
47F 4 1] Or^^nK h m tti^ 4MtraLli wan Jt^tcrmintrl by 
alkalanf; cicritil Fattr JLL^ilH^n EnLkh^t^l by anaJvuN 47F 
NCh~ ~N [HI a rnnlanunu"^ tlchiy anaLy^it^r, aN dt'^CTLbi'd 
abthvt; ^m] ^hTuanLC C anLl N unnri'ntr.nEinni wcw 
mtissaied u^nv an t^l^jmtfnt^ I an.Llv^tr. ^1 dt'xcrLbi'd 
^bthvt; 
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17Jfi W t HOLWeSrirfJ- 



enci* 



rni^ 



W^lExkd thtr LnEluniL tr 4]F dtfv^lrd CO2, Qi, an J ^ 
E^ntipchKLh^wi ivn j\\[ p[KiL'<, nux4Ji, anii N r«LLhv 
u'^ihl^ an snslvHN i^i vananct" C^^L>VAh ^cw a randnmLHird 
cmnplfEL' b^nckp NpJit-pJcri d<±^ivii i^itti tw<> Eactnnnal 
trt^atnnmt^, a^ d<;±H.nbtrd by Kihk ^^ i^- L2i!ID1) Ln thi"^ 
[lt^i|fn^ iwrit^ cHnmpKhMitHJii wbhi tht num pkri 
Wiim a p&TtKLiJar J'-tt^t v^n^ HiuiuALZiTit, ivt c^nnphartMJ 
mf^iu u'un^ Tuktry^i H^D muJlipIt cnnnipuriiLwi pf nctf- 
durtr. IJK T4.'i£uJh; W4.ftr acctfatni siv uuiu^ojit at 



Results 

IVe 4jbN«rvt^J a HE^niEi^^nt anltrractcun bctiytK^n CXJn and 
O3 F>n rai<±M [hi kithnn J^ miTiN.Llaicatnnnr wfmLin O^ 
liWdfLrantlv n^dumJ ratt^ nnh J^ miTHfJiJLaiatLHnn tLnt 
ncoirmd unJer cltryat«d ^0^ CcrHnpnre «levatt^J LiO^ 
VH elevatiKl LOj h t^lL'vat«J tJ] mtTansJ, NH/ imnuJiii- 
lizatKhii dL^rpLnyf^d nn idcnbLal n^sc^miM; |[abk^ 1). Canun 
N inintrriLizaticwi wa:^ fiEfincEicdntJy rniui^d under 
dfVWd Ch U^-aiN. main eiUxt\, but lya.^ ncri 
btStdnrfMJ by COt Lmun eH^f} llie f^Ftnrt oF D^ nn 
ETUK^ N imjKfaJLzatunn tvjis r^nkM'tlt^nt amiinu wtciL*^ 
and trFffiftN vmni mih^l pr<nw7LJii4:«Ll in a^cifn [tit; unu» 
rait^N [hi nLtriEvjtwnn anJ ]ininLJ:a]LzatiL:ai ihi J^Oi wtm: 
lunt ^fft^ctt^l bv CO2. ^r <n~ llu'ir intt^ractiLini (tabk ]J 
Spnws ^y>T7i pLh^9ti<>T) jnd tbt7 intn-acti^hn Lit fptfciL*^ 



LXhTiipLHHLtuhTi ivitJi CO^ nr 0\ bad nrt ^it^iiJiLanl ffii^Ma 
Lhn am <hF thf ^r^if^ N tran'^^hirnati^hTu; tbat lyr 
in£;a.Mjr^d 



J he tLh*aL retshvery rtf D^HV -'"'N avwa^ HHliSJi^^^ 
and diJ n^ht diFftfr anums^ ei^inrri mental tn^trTu.titc 
^Tabk' 2). tSevated CU^ Lnnain 4'^L^~th ii^iEicaTitly 
increasiKl the rtsajvery <hf NH^' - n in mLcr^inal 
InnitiaEti l^~ D05] and Ncvncbcanriy rcdnnxJ IIk r«CL>v- 
rry <rfWh^'-"N in lh« NO^ piinL {/> - liLTCI] relariieiih 
iheambimt Ld trtubru^nl CHznine (maiTi eFF«c1J did ii^ht 
hjwa a "Ujfndicant cjtttMt nn the rec^hv^r^ z\4 Nhl^' - T^ in 
anv ^a\ pxil Tiie int^ cacti nn <hf CU^ arldO^ aJMhhad lup 
effect ivn NH^' - T^ recuvery 

I he rec^hVE^y <h} NEI^' - W in MhiL Lhruanc^ N, micnh- 
bial binma^^, jind J^[X~ pKKhlx diiiertxl bv Npt^i^t^r fULh 
|}ial ipecKN lyith K^t^t^r reu^hv^ry in tfie schsL ^hruann. N 
and micnjbiaL bKhnunHN pniit^ had Jliv^ct KLTiierit^ in 
Ihe NO^ pKKh3 KfcnveTKN tA NH/ - N an tJK nxik ivi 
macrLibial biiimaxN (l^^tMnj jnd "UhaL LireanK N 
(/^" <UB3 were ^uniitL.LntLy ypssier in jispfii txHiipared 
wcth a.^pen— maple H^Ue 25 The lec^hvery <>} WhU' - N 
an tfie J^C^" nyhJ iva^ ^ii^iiJicanlly Lniwer in ahpen and 
jspsn-bLTrh than in aspHfn-mapfe (P^^] IJ]^ tabte 23 

We Libser^ed MKnificant wiKieji-by-CK interaclw>nMp 
anJii-nlinK tJhnt tf*e effec! chi On un NHq' - W recihvenes 
an the NCy^ nOcA and hjiJ nn^nar N pmal ddfered by 
Npt^cit^ LdaLi nAjt ^hchivnj In Jiwen^ O3 led tLh a hiuher 
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V^luL^b^ri: mLMrF. LVJtli i^tandard di^intuLru [np^rcnrtich^ ^Taf^l ji£ ant dU^rcn£L'in nniiLn;^ mlcMctiihn mcaru aTt aryllcntod by L^tt^r^. 
McnnL ^llnw^ hy tli^ic.imr l^trr dii rnit di^» ^ti^ifif rint]v~ (r-~[l IflJ ^if^rulWant CO-, nr D^ nujn L'f^'^b arc dcTiNi^d by ach^fickE 
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\bLjj«; arL^FTU^Ji Tc^ci^rcfic^ ^ivL4h biardard drvul>nffib3 c\f '^K In dc^Ik cif extract able Kl[^ and NQ{ ^ mlrrnfiiaJ buMTUic:; hs^ aad uil] 
fTTj^nlc hh ^nlflcan^COj r^rO^nuin cifo^F. arc duMttoi bv ai^h^ntlif. l^H ^0 1lr;^^^<IU^ Spo^w^nuln \ificct mrarw hlj^ fi^lLri^^'cd 



rm7V4^r> i\i NhL/ - N tn 'u>iL nir^nji^ M and a lnv^cr 
rt\'47\'4?> an lKl" NO-, piinL In i.imEra'^^^ n^ "^uih trenilN 
weiv (Jn'«'r\tLl \-n ■n^pen— t>]n.h Alllunjsji thi^L" ^pt^it?^- 
b^K-O^ inlt^rsclHnni vf^r^ MvntJicdnlr muLtipLe LLimuri- 
iKm^, did THit mdai^atc SLi^nthcisnl O^ ^EEtM~b^ ziirlJirir .nny 
Kivf'n "^pt^it^ unrTipK^itLHnn (i c lluj LinJy "tiifniEic^iit 
anntr^MlM ivtit^ arrniw ^pt^it7^3 

[^lirfaLrt'CLivcrTHnf Na, -'^N averaijed ^ K -t '>.<>7^ 
.nnJ did^crrd by '^ptMat?^ ciHnpLiNLtichii imJv L^ * D QZ^ 
Tab3t 2\ tlrv^inJ ^^2 Curiam cFF«rl3 "^iTiiiliLaiitLy 
iiu-iTMSt^ iJit r*'cnverv ^^f ND^"- N in ^nL nnruanic N 
L^ ^0 l!M3 rhf^r^ waN ^ l LHT<±MpKwidin;f dcLTtaNtr in thr 
rmjv4^ry z\i NCh - N in thtr J^Ch p:Khlr bul it w^^ Twnt 
jfijfiii liLant [^ * D l4>3 C>^Ljn£; (iruiin tfFf'LO -ind tht" 
intcr^rtinn nE CO^ and t>i ha J nchcE^ty t liii thf' rtrcLhi^ry 
4jf NtJn - lS" in ^ny ichI pinJ 

ni£ dislTibuEHin [^^ NOt - N amnns icnL pcK^jf 
dittm^l bv ^pt^it7^ 1 he recuvwy l»^ WCh - N in thf 
ptKh] <hF *khI ^hTj^nic N ly^f jfn^att^r m aNKn-bLixfi 
unmpartMJ iitth ^wifTi-fnjple 1/^^OTCIp Tabl*; 2\ I he 
n^-nnvt^y nnf Nt>i - CS in tfif NO^ pnnL iva^ Icn^tr in 
^Npcn— bir^fi than in ainn-mapJe |J^<D UZ^ T^bJe 2) 



"nVe nbserit^l "flEiiiJiLant TOKaes-bv^-O^ interachun 
4;ttLvb* Hnn NO^ - N rt>rH]vwL4;s in tJK" pnnb* nnf N0{"^ 
niicrLtbijI bHima'M^ ^nd milI cw^tik N Jn ^speti^ 
«l4JvatL^l O^ IamJ kh j ^Kit4.? r^rihverv <hF NO-, - N in 
nucmbi.il bKianjsN jnJ "t^nS cwuanH. h and a Jnvvt^r 
rtTuivtry in Nt>-, Ln ascwn-birrfi, Ilii' eff4.Tl rtf O^ was 
the njvbTNL" - IfiiTi" ^^a^ CTtatei nxxw^iJY ^^f NO^" - W in 
NO-|~ ^nd kh^er nxLiver> in miLTHibul biLwnaNS and *kv\1 
Hnruanii N hLnnwi^ver^ willun-sptvies rnnlra^lH ivere nnt 
^sniJiLant 

i\A\cx\^Tdf NiNiTii^^ wmf S£}ll C and M 

MiLTHibuL biLHnjsN jverj^t^l 35 ^^i^ ^ m^ N ki^ ~ iwi^ 
.niL pnJnb; ^nd Lia--^ nnt j\ii^cted bv tlu' mteriictiufi uE 
CO2 ^nd t^ nr ihe mjin effecl nt UtJ^. Hiivrt^ver, thf; 
mnm eFFeH l^^ O^ ivax ^luniliLant (^ ~ D 14^^ MicnnbiaE 
bi<nTuiN waN ]5^ Lnnwt^r tindt^r el<;vnt«d On |32'J± 
7]2m^N>LjE"^ awnparad with ambit'nl Ch |3H'Ji 
1D M m^ N tu ~ J; thiN eFF«cl wjn ^xiausi'^tenl amcwiL^ 
Jfpt^ itiN Exnl Hiri^njc C anJ N were nnt "u^tuIt- 
ijntly inrtuf'nmJ by UJzr O3, nck^lcn unmpiif^itunnr nr 



r SOaJ BUlLh All Fu^Lm^kidg LlJ, CJL^fJ ClUi^ JkJ^J^ja t. ]74J-I7» 



17AS W t HOLM tE> rf^ rfJ_ 



3 ?>uCki^~ and M7\l L^KlT^i^ N dvtrrauL^l 1 ^^± 

}^laiit i^niwth at tlte fACTS II fAC& scte ha^ bf«n 
Ib^Bl-K inFlunujthit by f'tcvat^ dtrriLKHphrric CO^ und 
tb'^t^^^^^ >'^ >^. -^H^; Kanw.s:ky .^ jjf . ZCia^ &»6t:r 
rl dT., 2£H1^J. In 1^W ^ntr TiiLit pHniducliLin jnd nwnrijLitv 
WLTtr KiL^iJiL'j ntLy ;^n^at«r under tltfv^lnJ CO^ CLwn- 
MTi^J watti ainbienE Ct^^ ^ihJ Ihe t^Eft^clH nt Ct^ ^trre 
r<ninlt=nii:tt^l b| trJtfv^lnJ O^ LKin^it jj^ 2LID1J Otbit^r^ 
luv^' LibNtmt=d "uiriitur LCU jnJ t^ t}}«c1s nn 4:4.'JLu]Lilybc 
and t hitinulytir mryine zi^hvity by ^7\\ mLcr^JzoAl 
r<piTijnuiiihL~^ (LarNChn cf ai , 3KI2^ E^fiiJSips d itJ ^ ZiXQJ^ 
HHut^ftinLf that chaji^tn in hiu: mcri burnnvtrr haytr 
iihtired bt^LihvvniunLl sutr^trateav^iSabikty tiir niLcr^Jia:!! 

rs t^verthtHtr>Kr w<: ^nund nih "UL^iAcnnt main tr}F«cl tti 
trlevat^d CCy^ Lin TnicnibLJ^ binmrLVf N ivr amas mien tti 
N trdiL'^hrmatLihiiN Jn ^^Ntrjf when* vm iibsLTVcd 
HsniEi^^iit LOz-by-OT uitL^^tiLHi trFFecISp tbt^rc; wera 
IU7 did^tzniTiLCH behv«m tbf; cihntntl nnd elev^tt^J LOj 
tTLSitmmb; Tlus ^fuust^^t^ ihjl thtr trfff^itN <hF trJtfViilnJ 
CO^ ^Jnne ^1147 CK^ Lin plant biiimaj^N pnKiu^~tinn .nnd 
Hubstr^ttr iiiptit:^ Uj ami were nut suFhriLnt tn LhVL^r- 
r^pine ihe anAuf^nctr nE lli« luhvtr pcKtl l^^ ^<»L nrir^iur 
matttfr <m rrucrnbul ^chvcty lliis rtwult is nnnNL'^tcnt 
with pHn^vinu'ti studai"^ nt kithkn N ETjnnNFnnnnjtLinn ratet 
iKntulh ^iNcn^n «yp<Kt^d Ich clt^v^lL^J CXJ^ in ^hpm-tnp 
riuTTiber^ ^iir a ^imaLar Itfn^th 47F limt^ ^Zak rV ifJ , 2L3IK1b) 
Our 4jxp<'nin^nl Ly>n'<i'tli <:^ asCTnJanu "^tsn Jn z\i vivuns 
iiees^ wIikH NtiJ] diNpla> a subNt^ntij] Ki^n^tb rt^pnnit" 
l£> CO3 fhf <;FF«rt 47F LOj 47n j4:mI N tmnNEnnnatiLKi'^ 
[^hiit4J bt^nwnf; HLvniEicsiit li thsN urnvvlb rt^pnnit" 
rT:a^tinut^j4 Our n^MjItN 4JiEEn~ invm l\[y^e^v3ilA7^*^ .nt 
lh« Uixki; hALL latfr ivbiih c^hnNi'tli 11E khbk^Ly pinL^ 
ilandl at mnr^ ^v^n^:^ st^i^N i\t dtfVf'LHipmtrnE 
Tht=r«, lli£ rt^pnnitr plant L^iwtfi In CD^ dimiiliuhcd 
i! vturN lihlLhivins^ iniiiabcwi n^ t^NpnNurtr Uj e\evj\iHl 
COj fOrm Ll> rlJ ^ 24tC11} In ivur ihidv^ -we bavf n^h 
cvbJcnc-E l[> MJsu<±Mt ih^l N ^v .nLilialLiY lyilS ini- 
liaJly bmit tlte OLX.-induo'd uTnwth rr^pthn^^ in cnir 
rsptfriment 

Oznn^j had "uumdiLant nri^liir t^^Etrct^ ^lo^ mu-i^hbial 
binmaTo; anJ N ErnnsFnmuihiin T^tt^ 1 Ik indlufnct? l^^ 
O3 HTjM mij^l di^lin^t in the elevated CO2 tra^tinf nhi, 
wherein Ot "Munificently rt^lu4:ed k^km h minerabze- 
rinn C - AJ^]^ tnhKM NH4' immnbihzatinn | —51^}, 2nd 
micrnbia] bicwnaNN ( — 2^^"} 1 his "^uuut^i^i ihat Ot 
^ubNtiintidLly mndiAL'd ihe efLxt 47F LO] 4>n pLnnt Litter 
piMdurtiiHi riu'n' 11 ■4:hTiie evidence tful CK nMdnnMJ 
aNpen dead wkA pnxltictKMh under 4^kvatt^J LOz O^ins^ 



■■^ iiJ r ^ni>^ but We iiav^ ytit lO JetErmine whether Oj 
altered th£ cli£mu.aJ ^[>inpLivitinn ct^ bekh^uniunJ Litter 
input:^ in a ivay ihjl y^mhJ aFteut N tmnNEnrnutinn 
rateN ^itkhn nitrihcstuin rate^ were unaFFecltxl b^K C-Oz 
Lw tJi and >vere ^ppnhxuTulely tMfual iLh j^irt^s N 
ituneralL^atKhn rateN dLnii^N treiitmetitH nnd sp-:'LH"i 
ThuN, any N mLnbrabzed Jrnm [wuanic matter and luht 
taken up bv pL^nt:^ 11 rapidly mtriJied 

The tree iptrit^ l}uil -we iltidit^l differ in hdir-hb;t47ry 
Iraihp litter prLhJtM.tMai juJ bieH.ht^mi'tlryr and Tmpun- 
Hivt:nt^N t47 eLevated CO^ and O^ IVe hvpithtruzed that 
llie j-L^pinse nt miLnibML ru.tivilv w^hiLJ par^Lldl 
»peciir>-**piKifii chanue^ in cilnnt tTihvth under ele- 
vdtt^J CO3 nnd D^ In uentzraL Ihe rt^pinse niF pl^nt 
pnhJuttKhn til LO^ jnJ O^ •wj\** Je.nKl an Jspen-mapJe 
^tsJdnuTJtiky ti ai , 2CKI3}, the N i-yclin^ reNpiinMeN that we 
[ttmerved di'^pLnv Ji ■tiinular p^attern ] he n±NpKiiLNeN ivi 
RTUN^ h minerjnJu:ati<:ai, Nhl^' UTUTUibiJa^atEHin, and 
ulacrnbul bniimaKN tn? elevated O^ ^nd the inter.nrtiiin 
tii CO1 and O^ lyere Nimdar in a^pk^'nr aNpien-buvh, nnd 
aNpen-maple^ but the mairnitude^ nt revpim'teM were 
Rre^te^l lai a.Npen and annfn-binh I hiu, jt iIuh pinnt^ 
•we have ham evidence that Mill J^ L'vrlanu Ix-ne-nlh the 
tree ^ptecieN in iwr eitpienmiiTit h^iJL reNp<md JifterentLy 
lih elevated CCh and Ot 

Jn <7ur N trji^'er experiment, Ihe maiiinty ut N 
added ajs NliV v^uiv inciirp<hrated ant^^ Mill iirir-nriK 
matter (5IJSiJ ivr r^mverteJ lih WO; ("52^] Junnj^ the 
2-d2v lalmirstnry uinj liuiEinn A Nmall piiimn L^Vtt-^ ivas 
^e£<hvered an "t^nl micr^Jiaal barnnahiN MKiribhanJ banma.'n 
i£ a Jynamic pHMiJ and it:^ \ eairiclunent nuv HAti 
reflect the net aminint i^i N ihjt ha^^ psa'Mt^l thr^huuli 
it duarns^ the iii< ubhati^m C-nn'Muu^nlSyr we caniuht 
detemuaie what pr^hpnrtaiwi naf the N rf^nvercd an 
hchL iw^nK h 1N alEnbutable t^h micr^hbial immnbiJazd- 
tkaA ur whether the tujfh N remientn in huiL 
iir^anu. matter reiultrd Fnwn abintic h immitbihzatinn 
(NiimimLr, l^i. NiimmaLr Ai VahtraM, ]Wi2, b\t^ 15Ha- 
J^hhnsun .'V 11/ . 2DIKI^ 

!£Levated CO^ led t^h a ^U^ increaKe in reenayery i^ 
NH^~-~ N in macTHabidl LainmaT^N and a cihrreNCKWidinv 
dL^-^cflse in NM/ - N rec^nvery in the NfJ^ mxJ l"hi» 
likelv nrtuLted fnam vreater "^labNtmte anpuE under 
elevated CCy^ Cnrater hetenhtnhphH. N demand nuy 
h.nve [ed tn reduced NhLn' avaiSabiJity tn auEirir4J[ahi[^ 
nitriFyinu barteria and^ thu"^^ Tt^titi'd N recihvery in 
tfie NOi" pMal C^renter ht-ter^rtmphK N demand re- 
HectH an mc^ea^e an ki^^ks NJi_i' ammiiLaibzatnhn under 
elevated LlJi^raJtbLnaub the iiKrea'te we^^merved an thiv 
rate v^J\*^ iwat MvniJiLant 

MuNt ihf the ' ^ ad JtKl tih ^mI in Ihe hwm 11^ J^Ch Waft 
tinm^Klihed ^74^)^ and the reinainder Vk\^\ Ja^ided 
Lift ween mu.r<^al bKwilaH:^ ^l^haiHJ w»3 iirK^nic matter 
ni^J tilt Tt^xhvery iW NO3 - N in ^>iL nrsanic N 
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iiu-rtMNnJ by UH)^ tn the o^pen anJ a'^pm-tnn.hr ^nd 
b-K SR in HMpwi-mapJe^ in birtJi tlifv-nled CO2 ^nd 
eltvattd Ctt H Oi tra^tmfnhi tirejter tninstifr nnf 
NOs"-'^ 1u Nud nr^iuE^ N undw <;L4Jvat«d CO^ ^iw] 
Oi] CHiuld n±MjJt htKn vrealer pLint Litltr inpnitN iLh "t^igL 

NO]' -'^ tu £liiL £>tganK N Luid^T «i«vatt^ LOz [ O3 
4JiinLit bf trxpl^Lntrd ty KrtT^lirr ■fubMlrdh.^ inpuli iLh "t^HL 
^ndp thtL'4, 1^ mLW4j ][k«ly due; tn a rhjiiv« in ti^L" ^ htfmiL aL 
unmpiK^itHnn chJ b^k^wunnnnd letter LJiputN 

Wt" fnund that ^jU^jteil Ct^, bikb jLioit" jnd in 
unmbLnn tiLin lyith <;L«vat«d CJ^, L'uuitTd i^r^nlt^r tr^iL'£F4jr 
4jf N hrhin inchr^riTiu. pcKi^N tn nrii^iur pnnL ] ha unnid 
4>rcur if thtr tuTnihv^r i^i niruanic pxik in^nuNt^J nr lF 
HTT^aniL pMilN JLn£r7iuJat4Jil N IV^ tntind nih NiuniEuz^nt 
incrLMSt^jti in mirnnbul N nr nhhiJ ^hruanic N under 
eLt^vatnl Ct^, bul it ciuLJ t^kt; "t^vtfral yean kvr \az^ 
i-hanutrr Ech bt^'HiriH^ d«ttMt9Utr tJuriTiK^N N man^rati^^- 
bim jHikJ imjTU J:iilLVJ±tt:m n'Nult^ in Jiczitt; tb^t miLnibi^L 
N lunwivL? L^ urt-nlt^r i£nLin~ dL-v^lt^J CO^ jtnintr tlun 
unJer elevated CO^ + O^ Thus, Kreatifr traiLsftr Hif 
iTUjrs^niL ^ Ech ^^rs^nic pxik nnder etevated LO^ + O3 
IS n^ht likely due iih j^rt^ater niLrntbial lS hjrn[>verr but 
nuy b^ve r£±nj]ted tr^nn chaiiBt^ an pl^nt litter 
bKK IhHnistry ivr mEcntbul cinniTiiJiutv cnmnTMiinn. 
CirtMlt^ N ji^'CTJinuljtiun in cwi^nK pmilN muJd be a 
UL^ nt reduL'ed N Jivail^biblr unJLT elev^ied CtJj + O^^ 
bnl tJiL*^ may nr may r\ijt hjrtber bmit pl^nt pw nductivitv 
iinJt;r O3 

ptilfil numiulyNeNr ivecnnduJe ihjil tr^KKScihefic Cy^ 
IS s\ii imp^hTtunl F^rt^hT rTuxJiEvinu the resKmNt^ niF b<h^ 
p]nnt^ ^Tid ■M7iJ Tniminri^niiini t^h elevated atninNplH.?L^ 
COj We (htwerved sinular N i v^hn^ rt^pnnsL'^ tuneatb 
ei Lt4i7KL<-^lLy JiJtitLiict tree "^peLntn^ ivluch ivere cnn»Ntent 
with their inJivcdtuJ vrihiytb rr^pKhiLseN l[>elevatt^J CO^ 
.nnd O^ TJk cbanveN that we itbservf'd in micnibiaL 
bKMTUsSr vniNN N miJiem liiuEannp ^nJ the IraiuFer i\t N 
intn? sinL pcKtlN jpcHur Uj be draien by CtX .nnd t^ 
eEEtMl:^ ^10) plant prndnrlaiin and the pHrnductuin and 
i-hemK^L ^xion ptisitKio) i^i planE htter. I ht^sa nisa}\^ 
indiLate lluil ^hani^e^ in pJant urnwth due tn LlimJIe 
4.hanue rasLade r^pdLy tlir^huub lli£ euTK^yHtem Uz 
inntience mu.r<^al aLtivity m mlhL L nderstandniL^ 
hnw chanub^ in miLTubu] ad^vit^ wiJl .niter the Ilwiv- 
term ^vailabiblv z\4 h, which ivlII feed hack L>fi pl^nt 
KiThiyth respinNt^ iLh atriHT^pherK CO^ anA Ch. remains 
einsiie. T^h aLLLimphsh tKi"^^ Lie need In undfrvtsnJ the 
F^rt^hTN eninlnilJins the Fermatuin ^nd deuraJati^^n 47F 
iKV\l Hiruanii matter nver Eime SL^Les Lioiuer than the 
durjtuin i\t mini Lvrrent 4^>:cKTim^nhi ^i bL 3-1^ v^ar^^ 
Manv i\t 4>UT m^K^t rnticaL Ljut^inns ran ^^nty be 
^JdTL"^^tL^ ibniuKh rnniantied InnK-term helJ r£±^arch 
in fiwiinnLti^hn iiith mLTiuni^L mi>deL^ i\t eiLhMvsiem C 
anA [S~ dynamics 



Actnnwlcdj^enient^ 

Our r«>riurrk H'rib inu ^jjihtIuiJ Ly ^rynbi rmm ihv D#|JrirEiii ^iiE ^if 
Eihurg/b I'EIL II]E-FCCa-93ERhlfi^ AaJ TETQ ^D£-FC-2- 
9^EILC112:^I h'^H'^^'v ^^ l^uJ At Av EJBDA NRE CLlQLr^vtf1bv« 
Crjnb P^it^ji^ fNtfll 1SLl>7-1]2fr31 dnJ Ihv U^ FEl^b^qE F^uL^v 
Krirlk Cyihlrjl Fi^rwtil Enfycinimt ^Iritiihn Wu kiii^ur^ly th^nL 
r?jviJ Kjni^ihk^, ItJiiJ ]Mbuiidh, .ind Cuijrjv Huiidrv, yfiJ |.^.iL 
^iLx r hv 111? di V4it«i3 uuiiivmuin huurn In ihu pid lining LTiiinLnir- 
liuii^ rinil m^iihtvn^nrv (t4 thy Ehinulrindtr FACE £n^uri m^nl W 
MlliiL Mdtl THinliiiM^n, Ai^Try Firvhyn, NemIi K^tvrg, LiJid 
^Jjbrh^ biid ChruEitL4 HU±J i(rt iMif^^^ f^ltTi [iblHtiiby Hn^ci- 



Reftrenceiti 

B«Mk^ FD, Edict TM, M^Ei^ArBB bJ a\ aVB^J) DEr^nimi AylhEHJ 
Ifh fr^^i^ i^J T^lrtLK iitr Autn^rtaitrd tLibfcij^n ]? Jnll^^K 
5^iJ 5L.xjjr^ ^u/iL^J^ ii| ^ tUriLU rL-UTTtd^&a, 17fl7-17il 

Clbr^wj MI^E^kr^UH (1 n?^ AILaIiiil p^n^u INtu LiTiJALiim Ti^r 
Juhbrm inir^ Lulyi nilfnigf ii iih miLr\iliul Liuni^h UKEr^iii^ ^rJ 
?;iLVr/t So^ifhf Jf AffriTiCa JuUfirdt 9'. ]CriI7-i0i2. 

Ciikniyrt MD^ Di^siin R£, K^bE.ind^ |C iJ d^ UHM'ii] Fkn^bj- 
invahlhb'tiL ^niiJ UL laVi ly LiFdinpAii lIi nOb xjryiii|^ iii ^uiii^itiV ihi tu 
tru^da^Uuww HiliWiy Tt^c Pf\^ii,\\i'^y, ly RHR-SM2 

Cuk-miih MD^ DiLk&un RE, li^rMudU fT, M dF UM9SL>I Curbfia 

jllindLHin Hitd ^■clitJimiihy irl AA^A ClufiAA VAi^iag an 

Miiii^itiVit^ hi Imp^ib^lLiriL ihJxiiiy TY(f PA^^biAd;^!^ 3S, =>9J— rtGd 
Curtih P^ Il??ii1 A iniiD-AniiivAE^ 4i£ iMl ^A m^tun^fd yod 

nilhiffvn ia tn-n ifniwn iindyr ulvv^hJd i^ihbilh dlirh^HJ^ FS^ht 

C/W tj:^ C^KlrurirdLwJ^ Jt, i27-LS7 
CuEbiA PS, Vn^t^i C&, Witlg X tf dF C21X01 C^iA yTiliin^^ lyi£ 

nilruffvrt, uAd ^rihivLh ufR^mhiL hi J Pdpirlub friib£^lti^/:i in^CO^ 

«nriLk«iJ bhiiiMb}jkirf ^ulr^^dJ ApipirtJ^iOiIti, JCl^ 3-L7 
Curtk F^i^ WAih^ S 4 I ??H) \ mvly-inyJytii iiJ ylAvylmJ CO^ufryiU 

mn WmiJy pLanI fnjixH, TL^rm, and pkLhMiLijy nL^^irii^if^ IJ^ 

Dy^LJhrin£A^>|yrh'^, Firi>hiiiy MK fl ^^IMn^yru I oydim j u£ 

ni Icily Lih huilk L^ b mrilLcm ^uniJyM^LCi furME ZLUFu^y, Jhj 

il4B-li=^ 
DvLtJtii EH^ HriAilhia \C„ Kivdwi ^L J dl ^1?9$N Nyt ^titik^ty 

^31"^! UL liim 4if b FMTLhh LY iKHyinluiEi hv itli u^jj^cunynUl CC^^ 

mriLkmfiiL '^umcs,2&A 1377-317? 
DiiLjinn VL, Luwm KF, iM-iicyAdin |C^ cl tl L2C01) FUrUr 

iiriW^^t^ LUrhW dhltJitiJ^ tiUHj^FJ ^FACTS FJj - 7iV ritiyVfr 

Trjf .h- Cn^ Arid 0\ iu/rdiikcn} iFAC£^ pF^jK^ Jii ^a iil-ltOt^^ 

f.ynur.il TythKiul Rupiirt^ NC-2II, L'tDA F^ir^jt E^rvu-y 

h'lHib CLiilcyi EnpyriDiyD h Stri licm 
FinliyHun-F^lbk BL Fitb |K tf iL9?7^ TtrifiLXHpTiyrK Air iJiJIubHid 

MAud4^ iitfcvhrd^ huiLz^, ^i>lyty^1iLJ ihii^^lu; hyJcOdirLniii:^, mad 

H.irtiL-uUt«> ?rii^TL-f,274^ in^'i-in'il 
Fhi^ k UMHH) Thy LfJyiE iiJ yddixJ niEni^ hu ruEv li£ 

dyi rirn^riAilM^Ei n^f n^b^rtv: nyltvr S^rAi^ltd^ bufraif 0{ tkt 

Fn^nlyr EH, Hieki^ C^ "^ibu U b-J ^ U^^H1 Thu itM rib^h^jiC 
budgib iiF ciKL^E^xd nilruff yn yihib lIh niLiJ in mchidV furni ibuii 
ifiJ dtf^LKnilirm HxiS Ph\fTa^J^iii, 1^^ Ll-Zl 

TliH '^, BlibL |M, D^ViJ&rth EA ri dJ U9V4) Niln^gia 
m irtvn h2itVid, itfitfic^biliZiLH^n, idd hilriHcylliWi 3n Ml^Bl^ 
U^ JiiiT ^iidlytiid P^x\ ? JH iL niPiOli^r^d^ diid ^iL^k^c^iiU^ FrO^jJr^ 



ri 3i}(>3 BLiiJkWAlL FubLiikidg Lil£, CJl^I Ciui^ B.^^^!a t. 37-^J-37^ 
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C^A lV4i^vr RW, Aa^b S, OH^bU^niJut P^ Bylifii-^L D, ^milli '\, 
Tdbj l.^b^l A^ Wi^llL^tti A 1^ PP ^B-10]£ "ifhil %^wilt SriiJi^l L i^r 
ADiyr»..i, Sv^iH ^VI^EJ"^.^ 
HH^rwklh WR, I'uulEA n^^l Mkn^bulbiihirt^ini Ln Mtlf\i^M df 
Jili^ Anury>^ PUrr J JH iL nlHiOli^r^^ UriiT JlniLAiidj^iJ PilJpfr/lK 
r^A W^iL^r RW, AtLHL*&, En^thJi^lAy P^ BAf dbi^l D, Shi lEli S^ 
YubjIdEui A, Wrillum A^^ fi^ 7'i1-77^ SfiiM Si^niM SiMwtVf nf 

^toUidF. K"-. hiLDiiruJd LJ, F^ru^ur E l^ U^ (Nmit Crin^bh 

iM^Lhrt JluxiJv AeIe] 1iujJLx4ph^i± iJh^tM. EJiUrrOJirabWIdr PuJrir- 

hkffl KK , hlnkki CL, AU AA ^2nnn] rntMHcbrmi L3F 1n>pL^pliniO 

CO] ind Q_^ ■wicvfL^inHinEh nnnj rnniuiluru ^'ririblHioin im oiLiMibiiir 

biOEttAAf JjhJ ^A4pirriliun m ulhI C^Da^ C^it^l' B^Fu^y ^ 2SS- 

2SS 
li^kiiMih [nV, rhvn^ W, [liirLv IC [2lllll>1 Bh^Eil ^rtii ibLiLmf 

aitm^D MilvnIiLiii in ■■ Viirii 1^ nf^ryiJjLJilH ^^^ Sfr^DLi JiiLrcJa 

L^ ArtlcTl^ ^hndl, ^ LSl>3-l'iL4 
K^hEM^^y DF U?7li) Tbn^CMlJ \tvK\i inc TnliAr injurt \(y PilftirJut 

rhJEVii^iJiS. Ui^h^ bt jdULif HJHi^HJH rirlHJ Lih^rlA. CJriUdidil 

f*i±dil Uf fi\rtut Ri^idiUi, A, \Mi-\^ 
KartHi&ky DF^ CigniHi ZE^ Du-khiin RE (L^^ft;! CbJjhg^ hh 

Abb bfEI^A^hlTIL L>JLjnd v^pL^u^M eJF Pj^JUti l>^Ai UFLild^t 

^ViihvA jnJ AirinJIiihyA Cdriydifii IOutttJ^ i^ F^n-if RjtirVj^, Ifr^ 

23-27 
IlirDH^biy mr, UittVitWLi b, F^rL7 K i^ tJ fl^V^t EFl^bd nF 

tM^pH^k^hy^ii; Ci ufi EiVnlhLinjM^dh yjhJ intvjB^irhrt ^vlth CD^ 

huhnLlk Fmm ud Q>-(^r^iOiit uihil h FACE viqpb'nnirnL ^JT^i^ 

Afr^iLd SujI PdrJunOii, rilti 311-122 
KkrDHibly DF^ FhiJlU CE, Cj^a^a Z (l^-l^l C^nytK ltihIeuI uF 

by^Ln&Vh Eh^ hi lyciLlin^^ trni^Ajitiy^u; Lxluiif ^nJ ^Dj in 

ILfernnii-L^ DF^Zik DH, Prvjil^r ¥Jifi£A (14Hl3^ Thn^f iKnfiliArlL n-| 
mriiJuEiiEL^ r^injjriiiinL^ uF lumf yritd hyrJwHiAd Fur^^Ln Ehi 
AlyVdlb^J CO] H b^nhhv:^iA4i£ HhukxTiFAr bj yiTn^intri^ nauLfa 
ir^aa \hO Aa^vji FA€£ prnifi^t fiiriLlibri.lF F^jIi^ec J7, 2A^3M 

KMliihJ CU^ kV>Etfi TF, Wdhlyih U lI uF (IVVS) Lihbrrnitirii^al 
uxtrumvti iii lky rylA niti riAi i^ itiiiH^k^hyriiJ ^drh^a dH^XKJ# 
tinLu KJ^un OTS, d^^n-dTD 

Kinp]&,Fry^ilJyEL&^ZdkDi:^^dr l2l}l>n Finy ruiit hiEiiii dsin diiiJ 
SuL^ i?F hihil LyrlHiii in vsiun^ hEiirvJin i?F ^hjilt ImtlIi liiJ 



hrumljlini^ iik^un m n£liiLluL£ by vb^^UJ CH^ JhJ biapOnplivrK 
n-_ HlxJFi^^i*, 12^ 13?-!^ 
Lyi-Kin L Zdk DR^ SioiH.iLhiuy li FLL flCOll EaIcAl^IIuLa^ #AtyA^ 
■ iLliMhy .iihJ iiirddb^ilEHttk iiJ riH^-ddnVuiJ ^UbhL^Atv^ toriLAth 
hi ni^L niEu Lrwti ^iMwin^ undyr ^k s'aIviJ CO^ jjiJ Q^ ^|F 

Luhifnilli RL, llnippL^ bL P j rnihnt IVF] f\ iSf l2linL1 CH^niyqnyncia 
fhF ulnbhd LbrUuiih JifMiJ^ biiJ ^ihinu F^ir Jii]i*r thLmicdl 
L-HJEdpniAjlM^d in J J^nAnht^ m Imhblm^ dApnh (PnpnJuti 
tY/\^ul*rJ^,\ yrlnj pApyr bjr^Ti (Bl'IxL^ ^pj^n^) EkJiKiUrti^Ut^r 

^oUiiJiull^ IIJ^ 3?i-ini 

NrinnLiV H ^l^5^ AnirnMiilum fi^yEu?n nnJ l?h^L^ rLwJLirwii 
LnVnlxii^i: u nuiiunyLmAlii iiaiaih^ililr*l>:iii iif niLiiurril ii3lrLJJ4Jii 
in hMi! In ^mIF iNjIxii^rn ^vri'iiu^hi Miiiiii^r^^^ It <yJA 
Bdrthulihinu^v WV^ Ci^rL FE^ p)j ]«3-2=T A2A^ Uydi&cjn^ W L 

JUiiEttEttiL H, V^hb^A^ t: CIU2I RdbidbOd iO^ fiKibM EiF 
itnr^imnjtfi biiJ iEnr^rmiy in »i^ilq In KiEhJ^Lfr ^Ji ^;^H.^U^Jiiidr 
J.li^ AfrdwJmy Aicv1«^Hd>^l, 22 fvJh Fdu^yniihn Ff lV d^ I, yp 
121-172 i\'\,A'\ArC35{A,S'\^A,MizliAuti 

Hmh R, EILnh^birth DF, ^hnAiiih K Fi ^r uF ^2nnU'kiil riyrbllly liidiU 
t^rbiJrt inMjuuUrALH^n b^ y fnicy^l yLH^AV^h-rti lA y CDj-mEirlLnJ 
nhmiiHpiitrv r^yEyrr, 4lh, 4hM-l73 

Pkilli^ KUZik DIL, HalnuklVE ^2nn2) hlEti^iil E^uihhfrtij h J^ 
LHJEdpOAjLM^d iDHJ FuihLiLih bdilmilh b^tfipyEdbr Lnut ^xfKii:^ J 1i> 
AlyV^lyil dtrtKi^|JlL4^iL ryrbfiiL difMidu *iiJ EiIhArl^ n^fdlo^^r 
lai. ]Ji-i« 

^liur A hivirhiOlin A^ kvll O iJ yl (211111) PhiJliKnvihl liultf 
pnrAoftylb'ni iiJ iih^uri ^Eihiva ss'illi inh^rjr Liel£ Llyvylb-d FOj biid 
fh^uhd LH^nOnhLry iLaii:^ mi Jy&iiciiLlAd WIlTi byf nitrnii^m Tri/ir 
/^Fiytiiiilu^h' III pnc^h 

"itvLuo^im rrS, liitid^m CE, CulLirtA W| ^J dJ ( Ifr^^ E^iJlutiou OT 
hMi^HphvriL Liifiay cyJiiLliV4 JTiKEAJ CAlpflfrinJir Rffi^ari^ 
L^U^£.J^ 3^19-3^2 

WUi^ D^ KiruwiAky DR, Bimhurta F>J e^ ^J U«BAh Elftfb Ol 
rirnLkiviiE Hi^ihiiu hid lku piuducbVih^ e^F Pu^u^^ l±L'hU^iiiEV 
MilIm fihL^^n unJur fimLS LHinditirmi Cdriu^ifll failxikdJ Jf 
F.lrL>^ R^^tjc> 1^ l7-'i5 

ZjI DR, FrygrUyr KE, kiii£ |S^J dJ I?]Zp33j I ELiV^lyil bUhu^pli^tvL 
CO], Hiid ±<ii>li ■od Ihr m^ihah^a iif lj>il inn M^urjyniADhd d 
rvVn-Lv iiid ky^ithyAu Nr^ P^^uli;|^l, UT, 20^-222 

£jkri: FryjjLElLrXS^rurhiAPSr^dl r2llllllb1 A li&ixnpliyr^ CP^ 
KiiL-N uviilyfailihT, yrtJ ^ILiH^tiim iif biihinAin^ And ditnii^H by 
Pv^fir- fY/m£,L^J^j^ IiUFu^iLdl ^^pViV^nln^ IG, VL-4£ 



^ 2j»3 Bhi^kw^lL PufaL^kjEis LU, Clri^ Ciiafrj^ B^fo^y, ^ 17-t^|7^ 



